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The reported total .synthesis demonstrates the power of the olefin metathesis 
reaction in compi x m lecule construction and renders epothilone A (1) readily 
accessible. Most importantly, its brevity, convergent nature and flexibility should allow 
the generation of a diverse epothilone library for further biological investigations. In 
addition to the olefin metathesis approach reported herein. Figure 1 points to at least 
two more, distincdy drfferent approaches to epothilones: (a) a macrolacton^ation 
approach; and (b) an approach in which an intramolecular aldol reacUon may play the 
crucial role of constructing the macrocyclic skeleton. These and other strateg.es 
towards these compounds are currently under investigation in these Iaboratories.li7.i8] 
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Having secured the. requisite building blocks, w then turned our attention to 
fei^-: their coupling and further elaboration. Scheme 2 depicts thes final stages of the 
present total synthesis of epothilone A (1). Thus, condensation of the dianion of 5 (2.2 
equiv. of LDA. THF. -78 to ^0 'C) with aldehyde 616.121 (1.2 equiv) at -78 to -40 'C 
resulted in the formation of the desired aldol product (11) as the major isomer, together 
:j. I^with it(^^diastereomer in high yield and ca 2:1 ratio. Esterification of this mixture 
with the hydroxy component 10 (2.0 equiv) proceeded in the pres g^^o^DCC and 4- 
DMAP in toluene at 25 'C to afford compound 12 and it(^^iastereomer in 70% 
overall total yieldti^l from ketoacid 5. The two isomers were chromatographically 
separatedgijgl^gel. ethyl acetate:hexane (1:5). « 0.29 (12. 45% overall yield from 
5). o.24(Ji!^iastereomer of 12. 25% yield from 5)1. and the major product (12) was 
taken forward in the synthesis as a pure isomer. Its structure was confimjed by eventual 
conversion to epothilone A (1). The olefin metathesis reaction of 12 proceeded 
smoothly in the presence of RuCl2(«CHPh)(PCy3)2 catalystli^l in dilute CHjClj solution 
at 25 'C to afford, in 50% yield, the Z-olefin 13.ti51 together with its E-isomer (35%)15 
After chromatographic purification [silical gd. benzene:ethyl acetate:hexane (2:1:2). Rf 
= 0.21 (Z-isomer). 0.45 (£-isomer)]. the silyl group was removed from macrocycle 13 by 
exposure to CF3COOH in CHjClj at 0 -C to afford the dihydroxy lactone 14 in 98% 
yield. Finally, selective epoxidation of the Ai2.i3^ouble bond of 14 was effected with 
mCPBA in CHjClj at 0 'C to afford epothilone A (1) in 55% yield [silica gel. 
methanol:CH2Cl2 (1:20). Rf = 0.231. together with its 12a.13a-epoxide isomer [20% 
yield, silica gel. methanohCHjCh (1:20). /?, « 0.161 and its regioisomer 15 [20% yield, 
silica gel. methanol:CH2Cl2 (1:20). R, » 0.22. stereochemistry unassigned]. 
Chromatographically purified synthetic epothilone A (1) exhibrted Wentical properties 
(1H and 13C NMR. Mass spec, [ah, TLC and HPLC) to those of an auther^tic natural 
sample.f^Sl 



Epothil ne A is an exciting new natural product. Isolated from the 

myxobaeteda So^nglum" cslulcsm st«in 90, with nov I mol cular archit.ctu«. 
important biological properties and Intriguing mechanism of action. Among* 
biological prop««e, are potent antifungal and selecdv. cirtoto»c activltie..l«l Its 
mechanism of action against tumor cell. ha. been attrtbuted to binding and stab.tat.on 
of microtubulesl'l. resembling in «,at respeC ta»l.l1 Following our recent reportie. on 
an otefln me.athe.irfn based approach towards th., das. of compound., we now w^h 
,0 disclose the total .ynthe.i. of epothilon. A (1) by thi. novel *ategy. 

Bgure 1 show, the strategic bond disconnections that led to the convergent 
strategy u«.^ed in .hi. synthe.is. A. on. can .unnl.. by inepectlon of F.gure 1. th 
plan call, for tt,e consUuc«on of the three key building blocks 5. « and 10 (Schem 1). 
their union and elaboration to the 16^.mbered macrocyd. and flhal .pox«a«on. For 
the present approach, the olefin metathes^ step «k. the seiecHv. .poxida«on of the 
^,..i.^oubl. bond m th. final step we« conslder«l. a. m. ouset both nsky and 

scheme 1 summarize. *e con.t~cten of the key building bled.. 5. 6 and 10. 
Thus the syn^iesi. of th. r«,uls«. c«boxy«c add 5 commence, with the known 
ketoaldehyd. 2l.l whid, reeded selective^ wim Brown. alM ^"^^"^^ 
reagent ,WPCB(aWf« in ether at -100 -C to affbrd alcohol 3.1« ,n 74^y,e«. 
PrLoh Of this a^ol w«h TBS0Tf...6.u«d.e ^ t, the si^ - . «• 
Ozono^ d-vag. of the doub. bond In the ^ compound, fo.^ by NaC^ 
oxidation 0. th. r..uK.n, aldehyde gave the ^ carboxy-ie aod 5 « 75% y,e«^ 
Th. prepara^on of the heterocydic ccmpon«i. 10 w.. carried bu. from th. known 
tHazol. e.t« 7.1. b.. a, redud^n . th. correapond^ <«> J^-^ - 
,e,d,; b, V.t«g readion w«h Ph,P.C,M.,CHO to afford m. '^^''^^^^^ 
,gO% yield,; and c) cond-r; • . n of 0 wl«, (*HPC.B(aW «> ^ -^»» = ' 
yi Id).ll01 
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icA Table Content Text 

The total synthesis of the antitumor agent epothilone A has been achieved by a highly 
convergent and flexible strategy involving olefin metathesis as a key step to form the 
macrocydic skeleton of the target molecule. The strategy may allow the chemical 
synthesis of a library of designed epothilones for biological screening. 





Names and addresses of additional inventors: 



4. ZhenYang 

5. YunHe 

6. Dionisios Vourloximis 

7. HansVallbcrg 



4158 Decoro Street, N . 2, San Diego; CA 92122 
960S Genesee Avenue, No. H2, San Diego, CA 92122 
4249 Nobel Drive, Apt 39, San Diego, CA 92122 
4249 Novel Drive, Apt 39, San Diego, CA 92122 



Page 6 of 6 



13* Method of fee payment 

□ Check in the amount of S ^SO.OO 

□ Charge Account No. 

in the amount of $ 

A duplicate of this Cover Sheet is attached. 

Please charge Account No. 19^0962 for any fee deficiency. 



Date: 



Signature of submrttar 



Tel.: ( 




Date: 



12/13/96 



Donald G. Levis 



Tel:: {619 784-2937 



Reg. No.: 



28,636 



(type or print rwrm of Mttoriieyf 
THE SCRIPPS RESEARCH INSTITUTE 

1Q550 TnrrAV P^nPQ Bnari 

P.O. Address 



(Cow Sh« For POng Pwmon^ Applic«tion P3-1)-0»9« 5 of 



,.0 



, Identification of documents accompanynS this cover »h«t: 

' A. Documents required by 37 C.F.R. §§ (aKZXirHiii): ^ 

- No. ol pages rt ■ ■ 

Specihcation: ' no. of sne«s -IL_ 

Drawings: 

B, Additional documents: no. ol claims . 

□ Claims: ' 37 c.f.«. $ i^iMO- 

□ Power oi attorney 

□ Small entity statement 

□ Assignment 

Q Other Mtmmam fii^ EnoHtKa* *tt fonnin wasling S ^J2(d). 

NOTE- Pw«K»«*«»«»««o«'nV«»«®;^^ 

pro r-ou^ cnt £"9M" <*V-«»«2«^ 

«,ufl in M •Moaonm*i« of in. 

^ 6. «ou«tf too''^" 0/ U. T»5. « f.*. «.S. .t 20209. 

I^tguag^ pn^nsiorm tOOHenon. itaatm ^ 

„nai ^olicatlon as set in 37 C.F.R. § I.l6(k). is $150.00. 

The filing tee for th« pn=|>.^^^ . . 
for other tnan a small entity, and s/a.w • 

□ Applicant is a small entity. » &• m mca ew<»«o«/ 

— ^ It i» iiAliratf TO Sty fWW^W** rw^fc 



•r 20.197. 

11. Small entity Statement rii«« h« . «maU entity under 37 C.F.R. 

n The vertf«d stttementts) that th« « t filing t,y » 

§§ 1.9 and 1^7 is(are) attacned. 

12. Fee payment being made at this time 

□ Not enclosed 

□ NO filing tee is to be paid at this time 

fThis and the surcnarge reouired oy 37 C.r.H. 
§ 1.16(0 can be paid subseQuentiy). 



3J Enclosed ^ 150.00 
Total fee enclosed s 



(Cov* S«-. For r*«9 Proton.* * ^ 



FORM IV l_ 



3 Address(es) o1 the .nventor(s)..as numt«red above (37 C.F.R. § 1 .51 (a)(2)f.){C)): 
^ 9625 Blacksol't R°ad. La Jol T'*- California 92037 

2. 



2 1116 Via Allcanr^ Dr.. Apt. G. ^.n,. California 92037 

, 3855 Novel Drive - Ant. 2216. San nieyo. California 92122 

Additional address ^sS ( ajg)(Oy 

4. The title of the invention is (37 C.F.R. § ^.b^mAm^^n• 

cv>m>PTTr APPROACHES FOR F.POTHILONE A AMD RELATED ANALOGS 



(complet9 th» following. H appUe^) 
n A power of attorney accompanies this cover sheet 
ThrdocKet numper used to" identity this application .s (37 C.F.R. § 1 .51 (a)(2K0(F)): 

573. OP 



iVJJJV i^Vfcte^* 

8. Staten^ent as to whether invention was ma*i Dy an agency of the U.S. Government 

or under contract with an agency of th. U.S. Government. 

(37 C.F.R. § 1.S1(a)(2)(i)(H)). 
This invention was made by an agency of the United States Government or under contra.: 
with an agency of the United States Govemmem. 

□ NO. 

° ^S'nam. of the U.S. Government agency and the Government contract number 
are: 



iCo^r Srmr. tof Fil^' Prov*on.i Appi*.i«n ia»-'>-o«9* 3 o! 5) 



Limb rg. O.M. BOhm. Chem. Eur. J. 1996. 2. 1477-1482. For the first iotal 
synthesis of epothilone A. see: A. Balog. D. Meng. T. Kamenecka. P. Bertinato. 
D.-S. Su. EJ. Sorensen. S.J. Danishefsky. Angew. Chem. 1996. 108. 2976-2978. 
Angew. Chem. 1996. 35, 2801-2803. 

[7] For the development of the olefin metathesis as a ring forming reaction, see a) W. 
J. Zuercher, M. Hashimoto. R.H. Grubbs. J. Am. Chem. Soc. 1996. 118, 6634- 
6640; b) P. Schwab. R.H. Grubbs, J.W. Ziller. J. Am. Chem. Soc. 1996. 118, 100- 
1 10; c) R.H. Grubbs. S.J. Miller. G.C. Fu. Act. Chem. Res. 1995. 28, 446-452 and 
references cited therein. For some eariier pioneering studies on this reaction, see: 
a) T.J. Katz. S.J. Lee. N. Acton. Tetrahedron Lett. 1976. 4247-4250; b) T.J. Katz. 
N. Acton. Tetrahedron Lett. 1976. 4251-4254; c) T.J. Katz, J. McGinnis. G. Altus. 
J. Am. Chem. Soc. 1976. 98. 606-608; d) TJ. Katz. Advances in OrganomeL 
Chem. 1977. 16, 283-317. 

[81 Ketoaldehyde 11 was prepared from propionyl chloride according to a literature 
procedure: T. Inukal. R. Ydshizawa. J. Org. Chem. 1967. 32. 404-407. 

[9] U.S. Racheria. H.C. Brown. J. Org. Chem. 1991. 56, 401-404 

[10] Mosher ester analysis (^H NMR) revealed >97% enantiomeric purity for 
compounds 3 and 10. 

[11] M.W. Bredenkamp. C.W. Holzapfel. W. J. van Zyl. Synthetic Commun. 1990, 20, 
2235-2249. 

[12] A.FOrstner.K-Langemann. J. 0/y.C/)em. 1996. 67,3942-3943. 

[13] In this reaction (unoptimized) the 8-membered lactone corresponding to 11 was 

also observed (10-15%). 
[14] P. Schwab. M.S. France. J.W. Ziller. R.H. Grubbs. Angew. Chem. 1995. 107, 

2179-2181; Angew. Chem. Int. Ed. Engl. 1995. 34, 2039-2041. 
[15] Decoupling experiments (^H m - , 300 MHz. CDCI3) revealed coupling constants 

{J) for H12/H13 of 1 1.0 Hz for the Z-isomer (1 3) and 1 5.0 Hz for the E-isomer. 



- 5 ' 



W thank Dr. G. H6fle for kindly providing us with a natural sau.ple of epoth.Ione A 

(1). 

Se,ec«. ^ Prcp.^" "> --^""^'^ " ° '"l^ 

ace.a..:he«ne (1:5)1: [al. = -53.4 (e » 1.0. MeOH): ,R («m): 3508 (br. OH). 1736 
(C(O)O), 1690 (COO. 1650 em-'(CH^HCO): 'H-NMR (500 MHz. COC«: 5 - 
6 93 (., 1 H. .C.CH*). 6.47 (.. 1 H,.-C=CH.C»). 5.81-5.72 (m. 1 H. -CH=CHJ. 
5 73-5.65 (m. 1 H. -CH-W. 5.27 (dd, 1 H. J,= 7.0 Hz. 6.5 Hz. -O-CH-,. 5.06 
2H J,.17:5Hz.J,= 10.0Hz.^H=CHd.4.92(dd.2H,A=17.0Hz.J,. 

,0 5 Hz: .CH=CH^. 4.39 ,dd. 1 H. ' 4.0 Hz. 6.0 Hz. .(CH,).O.CH.,. 3.42 
1 H. -OH). 3.28 (q. 1 H. J • 7.0 Hz. -CH(CH,)C(0).). 3.24 (d. 1 H, J - 9.5 Hz - 
CH<OH)). 2.67 (,. 3 H. .S-C(CHJ«N.). 2.54-2.43 ,-n. 2 H). 2.43 (dd. 1 H. .^4^0 
HZ J,^ 10.0 HZ. -CH^OO-,. 2.31 (dd. 1 H. .,= 6.0 H^ 10.0 Hz. -CH^OO- 
, 2 04 (S. 3 H. .C(CHJ=C-). 1.95 (m. 2 H. -CHrCH-CHJ. 1.75-1.65 (m. 1 H). 
; 46-1 .43 (m. 1 H). 1.43-1.36 (m. 1 H). 1.22-1.10 (m. 2 H). 1.17 (s. 3 H. -C(CHJ^ 
V 1 09 (». 3 H. -C,CH^). 1.01 «.. 3 H. J = 6.5 Hz. MO^H^CH,,. 0.86 ,s. 9 H. 
.SIC(CW,<CH,,.. 0.81 <d. 3 H. . . 7.0 HZ. -0(OH)-CH,CH3,-,. a09 (s. 3 R - 
SiC,CH,,(CH,,., 0.04 ,.. 3 H. -SiC(CH^(CH,,); "C NMR (125 MHz. COC, 8 - 
22, 8 170.9. 164.6. 152.4. 139.0. 136.6. 133.2. 121.0. 117.8, 116.4. 114.1. 78.8 
74 5 73.4. 53.9. 41.2. 40.1. 37.4. 35.4. 34.1. 32.3, 26.0. 25.9. 21.9. 19.9. 19.2. 
181 15.2. 14.6. 9.7. ^.3. ^.9; HRMS ca« for C«H„NOsSSi (M^Cs",: 
752.2781. found: 752^760. 13: «, . 0^1 (.He, aoa.>» : b,-- 

.exan« <1-^)1: .ab - -97 (c - 0^ M.OH,: ,R (« 3456 br. OH)^ 173 
(C<0,0,. 1692 (COC; 'H MMR (500 MHz. CDC«: 8 • 6.94 (s. 1 H -C^l 
6.56 „. 1 H. -C^H-C.,. 5.45 (dd. 1 H. • 10.5 H. 3.0 '-"j^'^"'- 
6.35 (n,. 1 H. .CH.CH-CH.). 5.02 (d. 1 H. . .10.0 H. "O^H")- -"/^ ' ' 
=7.0 HZ. ...5.5 HZ. .C,CH,,:-C>.,. 3.94 1 H. "CHtOHW. 3^0S < O . 
=3 0 HZ ?, -.6-.5 HZ. .C(OKH(CHJ-,. 3.00 (b,. 1 H. -OH). 2.82-2.78 (m. 2 H). 



2.78-2.69 (m. 1H). 2.71 (s. 3 H. -S-C(CH5)=N-). 2.40-2.30 (m. 1 H). 2.1G (s. 3 H. - 
C(CH3)=CH-C=). 2.10-2.00 (m. 1 H). 1.99-1.90 (m. 1 H). 1.75-1.65 (m. 1 H). 1.7- 
1.50 (m. 2H). 1.45-1.35 (m. 1 H). 1.21 (m. 1 H. .CH(CH5)-CHrCH2.). 1.17 (s. 6 H. 
-C(CH3)r). 1.14 (d. 3 H. J = 5.0 Hz. -C(0).CH(CH3)-). 1.02 (d. 3 H. J =5.0 Hz. - 
CH(CH3).). 0.82 (s. 9 H. .SiC(CH3)3(CH3)2). 0.12 (s. 3 H. -SiC(CH5)3(CH3)2). 0.05 
(s. 3 H. .SiC(CH3)3(CH3h): ''C NMR (125 MHz. CDCI3): 5 = 218.1. 170.9. 164.7, 
138.2. 134.7. 124.0, 119.6. 119.4, 116.0. 79.0, 76.3. 73.2, 53.5, 43.0. 39.1. 38.8, 
33.6. 31.9. 28.4. 27.8. 26.1. 24.8. 22.9, 19.2. 18.6, 16.5, 15.3, 14.1. -3.6. -5.5; 
HRMS calcd for CwHsjNOsSSi (M +Cs*): 724.2468. found: 724.2479. 1: = 0.23 
[silica gel. MeOH : CHjClj (1:2)]; HPLC [Watman EOC. C-18. 4 ji, 108 x 4.6 mm 
column, solvent gradient: 0-+20 min. 30-^80 % MeOH in H2O. R, = 14.8 min; [a]o 
= -45.0 (c = 0.02. MeOH): 'H NMR (500 MHz. CeDs): 5 = 6.78 (s. 1 H. .C=CH-S-). 
6.52 (s. 1 H. -C=CH.C=). 5.52 (dd. 1 H. J,= 6.0 Hz, J,= 2.0 Hz, -0-CH). 4.24 (d, 1 
H. J =10.0 Hz, -CH(OH).), 3.86 (m. 1 H,.CH(OH)), 3.81(bs. 1 H. -OH). 3.10 (m, 1 
H. -CHrCHO.), 2.84 (m. 1 H. .C(0)-CH.). 2.67 (m, 1 H, -CHrCHO-). 2.49 (dd. 1 
H. J, = 11.0 Hz, J, =14.5 Hz. -OOC-CHr). 2.27 (s, 3 H, .S.C(CH3)=N.). 2.24 (dd, 
1 H. J, = 14.5 Hz. J, = 3.5 Hz. OOC-CHr). 2.11 (s. 3 H. -C(CH3)=). 1-92 (m. 1 H. - 
CHrCHO-). 1.84 (m. 1 H. -CHrCHO-). 1.74 (m. 1 H). 1.57 (m. 1 H). 1.27-1.42 (m. 
5 H). 1.11 (d. 3 H. J = 7.0 Hz. -C(0)-CH(CH3H. 109 (s. 3 H. -C(CH3)r). 103 (s. 
3H. -C(CH3)r). 1.01 (s. 3H. -CH(CH3)-): ^'C NMR (125 MHz. CeD.): 8 218.7. 
169.9. 164.1. 152.6, 137.2. 119.5. 119.3. 76.3. 74.8. 73.1. 56.9. 53.9. 52.6. 43.4. 
38.8. 36.0. 31.4. 30.0. 27.0. 23.6. 20.8. 20.2, 18.4. 17.0, 15.4, 14.3; HRMS calcd 
for C„H39NOaS (M *Cs1: 626.1552. found: 626.1551. 

[18] All new compounds exhibited satisfactofy spectral and analytical and/or exact 

r"' mass data. Sccg>id su\k^wL> a)A« de(t^- 
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Table of Content Text 

A highly convergent and practical total synthesis of the antrtumor agent epothilone A 
based on a macrolactonization strategy has been developed. The route may lead to a 
diverse library of epothilones for biological screening. 



The novel molecular structures of the epothilones (e.g. epothilone A, 1. Figure 
1) coupled with their antifangal'^'^' and antitumor activities''"*' and microtubule binding 
properties'*' promise an exciting new chapter in chemistry, biology and medicine. 
Particularly intriguing is the ability of these compounds to displace taxol from its binding 
site on microtubules,'*' towards which they exhibit much higher affinity'*' than taxol.'" 
An indication of the intense interest in this field is the flurry of activities'" directed toward 
their total synthesis within the relatively short time since their structural elucidation.'" 
While our first total synthesis'"' of epothilone A (1) enjoys the benefits of the olefin 
metathesis reaction, the one we wish to report here relies on a macrolactonization 
process to constaict the main ring skeleton of this target molecule. In addition, the 
reported synthesis is highly convergent and flexible so as to allow entry into a larg 
library of epothilones, including epothilone B and all of the 2* stereoisomers of 
epothilone A (1). 

Figure 1 outlines, in retrosynthetic temis. the macrolactonization approach to 
epothilone A (1). This analysis leads to a convergent strategy by which three fragments 
(C-Cs. C7-C12 and C13-C21). each containing a stereogenic center, are to be 
constructed stereoselectively via asymmetric synthesis procedures followed by their 
union and elaboration to the final target For the coupling of these fragments, a Wittig 
reaction and an aldot reaction will be utilized, whereas the C(0)-0 bond formation is 
reserved as the macrocycle forming process in the form of a macrolactonization. It is 
important to note that the designed strategy allovi« for the preparation of all possibi 
stereisomers of epothilone A (1) since the configuration of each steredcenter can 
easily be reversed. 

The execution of this rather simple strategy towards epothilone A (1) proceeded 
• smoothly as summarized in Scheme 1. Thus, the SAMP derivative 2. obtained by 
reaction of SAMP^^ with propionaldehyde. was alkylated with 4.iodo-1-benzyloxybutan 
■ in the presence of LDA in THF at -100 'C according to the method of Enders'^ ♦ 



produce comp und 3 in 92% yield and >98% e. « OLonolysis of 3 foMovved by 
treatment with NaBH^ furnished alcohol 5. via aldehyde 4. in 77% overall yield. 
Protection of the hydroxyl group in 5 as a tert4>uiyldimethylsilyl (TBS) ether followed by 
standard elaboration of the other end of the molecule (hyd.rogenolysis of benzyl ether, 
iodonation: and phosphonium salt fomiatlon) then yielded the desired fragment 9 in 

55% overall yield (from 5). 

The second requisite fragment, thiazoline aldehyde 13. was rapidly constructed 
from the thiazoline derivative 10"" by (a): sllylatlon (TBSCI. imidazole. 99%); (b): 
selective 1 .2-dihydroxylation'»l (AD^ix-p. 79%); and (c): Pb(0Ac)4 cleavage (99"/,). 
Generation of the phosphorane 14 from phosphonium salt 9 with sodium 
hexamethydisilylamide (NaHMDS). followed by addition of aldehyde 13 led. 
predominently. to the Z^lefin 15 in 69% yield (Z£ ca 9:1). The primary TBS group 
was selectively removed from 15 with camphorsulfonic acid (CSA) in MeOH to give 
alcohol 16 (86% yield) which was oxidized to the corresponding aldehyde (17) by the 
action of SOvpyr (82% yield). Condensation of the dilithioderivatlve of (2.6 equiv. 
of LDA. THF. .78 to -10 -C) with aldehyde 17 proceeded at -78 'C to afford a mixture of 
diastereomers (19 * 6S.7R-dlastereomen ca 1:1 to 1:2 ratio, depending on precis 
condrtions) in good yield. This mixture was carried through the sequence until 
compound 21. at which stage it was separated by silica gel chromatography into rts 
components. Thus, the aldol products (19 * diastereomer) were fully silylated with 
TBSOTf/ 2.6.lutid.ne. and the resulting mixture of tetra-TBS derivatives (compound 20 * 
diastereomer) wa. briefly exposed to K,CO, in MeOH to afford, after preparativ TLC. 
pure carboxylic add 21 (31% overall yield), and its 6S.7R^iastereomer (30% overall 
yield from 17) (21: Rf - 0.61. 6S.7A?.diastereom«: Rf^ 0.70. silica gel. 5% MeOH .n 
CH:CW. The indicatrc" -nreochemical assigment for the slower moving isomer 21 was 
based on its s..r^esfull conversion to macrolactone 24^ and epothilone A (1). 



At this stage, it was necessary to selectiv ly deprotect the C-15 hydrux>l croup 
for the purposes of the intended macrolactonization reaction. This task was succesfully 
accomplished with tefra-n-butylammonium fluoride (TBAF) in THF at 25 'C, leading to 
the desired hydroxy acid 22 in 78% yield. Steric hindrance at the sites of the other TBS 
groups was presumed to be responsible tbr this selectivity. The key ring closure of 22 
was smoothly effected under Yamaguchi conditions'^®' (2.4.6-trichloroben2oyl chloride, 
EtoN. 4-DMAP. THF-toluene. 25 'C) furnishing the 16-membered ring lactone 23 in 90% 
yield. Finally, exposure of 23 to CF3COOH (20% by volume) in CH2CI2 at 0 led to 
the targeted olefinic diol 24 (92% yield). The latter compound was then converted to 
epothilone A (1) by exposure to mCPBA as already described.'®'* 

This expedient route to epothilone A (1) may easily be extended to epothilone B 
and to a variety of analogs of these naturally occuning compounds for biological 
investigations. Indeed, the molecular design, chemical synthesis 'and biological 
screening of such analogs should be among the next priorities in this field.'^^* 

Table 1. Selected physical properties of compounds 21, 22 and 23. 

21: /^f = 0.61 [silica gel, methanol:dichloromethane (5%)]; [a]"o = -8.8 (c = 0.8 in 
chloroform); IR (film): 2931. 2856. 1712, 1468, 1254. 1083. 836 cm''; ^H-NMR (600 
MHz, COCI3): 5 = 6.94 (s. 1 H. .C=CH.S.). 6.61 (s, 1 H. .C=CH.C=). 5.44-5.41 (m, 2 H. - 
CH=CH-CHr, -CH^CH-CHj-), 4.40 (dd, 1 H. J,= 3.2 Hz, J2 = 6.5 Hz, -{CH3)2C -CH-), 
4.1 1 (dd, 1 H, Jt = 5.9 Hz, J2 = 6.5 Hz, .CH(OSi(CH3)2^Bu)-), 3.75 (dd, 1 H. J, = 3.0 Hz; 
J2 = 6.5 Hz, TBSO-CH-CH(Me)). 3.12 (dq. 1 H. Jt = 7.0 Hz, J2 = 6.5 Hz, -C(0)- 
CH(CH3)-), 2.69 (s, 3 H. -S.C(CH3)=N.), 2.48 (dd, 1 H. J, = 3.2 Hz, Jj = 16.0 Hz, -CHj- 
COOH). 2.35 (dd. 1 H. J = 6.7 Hz. 16.O Hz. -CHrCOOH), 2.31-2.28 (m, 2 H. -CHr 
CH=CH). 2.10-2.00 (m. 2 H, -CHrCH^CH), 1.95 (s, 3 H, -C(CH3)=CH.C=). 1.42-1.30 
(m. brr- i-ib (s, 3 H. 'C{CH^)rl 1.10 (s. 3 H. -C(CH3)r). 1.06 (d. 3 H, J= 7.0 Hz. - 



C(OH:H(CH,H. 0.9(W).85 (m. 30 H. .C(0H:H(CHJ-, 3 » .SiO(CH,)3(CH,h). 0.12 (s. 3 
H. .SiC(CH,),(CHJ:). 0.09t». 3 H, .SiC(CH^(CHJJ. 0.07 (». 3 H. .SiC(CH,),(CH,W. 
0 OS (s. 3 H, .SiC(CH,WCH,W..0.04 (». 3 H. ^iOfiH^HCHM. 0.03 (s. 3 H, - 
SIC(CH,WCH,k): "C-NMR (600 MHz. COCW. 6: 218.2, 176.1. 164.9. 152.7, 142.8, 
131 4 126.0, 118.5. 114.7, 78.7. 73.3. 53.7.44.7, 40.0. 39.0, 34.7, 30.8. 28.0. 27.8, 
26 2 26.0, 25.8, 23.6, 19.0, 18.8, 18.5. 18.2. 17.2. 15.8, 13.8, .3.8, -3.9. ^.2. -4.6. ^.7. 
^.9; HRMS caled for C„H„NO.SSi, (M ♦ CS-); 970.4303, found: 970.4318. 
22- R, ' 0 40 isaica 9«1, methanol:dicMoroni«thane (5%)1; loft- -19 2 (c =■ 0.1 in 
Chlorofcm,,; ,R (filn,): 3358 (br, OH), 2932, 2857, 1701, 1466, 1254, 1088, 988. 835; 'H 
NMR (600 MHZ, CDCl,): 6 = 6.95 (8, 1 H, -C^CH-S-). 6.61 (s, 1 H. -C=CH-C=),.5.58. 
5 54 (m 1 H, -CH=CM<:Hr). 5.43-5.39 (m. 1 H, XH=CH-CHr), 4.39 (dd, 1H, J, = 3.9 
HZ J,. 6.7 HZ, .(CH,),C -CH.). 4.18 (dd. 1 H, J, • 5.0 Hz, J, • 7,5 Hz, -CH(OHW. 3.78 
(dd 1 H J, . 3.0 HZ. J, ' 6.9 HZ, .SiO-Ct«H(M.)), 3.11 (dq, 1 H, J, - 6.9 Hz, J,' 8.7 
HZ -C(0)-CH(CH,W. 2.70 (,, 3 H. -S-C(CH^N-), 2.43 (dd. 1 H, J, - 3.9 Hz, J, = 16.2 
HZ -CH,-COOH), 2.40-2.35 (m, 2 H. -CHrCH^), 2.35 (dd. 1 H, J, = 6.7 Hz, J.= 16.2 
HZ -CHrCOOH), 2.15-2.10 (m, 1 H, -CHrCH.), 2.00 (s. 3 H, .C(CH3)=CH-C=), 1.99- 
1 95 (m, 1 H, -CHrCH'), 1.48-1.30 (m, 5 H). 1.18 (., 3 H, -C(CH,)r), 1-08 (s. 3 H, - 
C(CH,)r). 1 .05 (d, 3 H. J . 6.7 Hz. -C(0>-CH(CHJ-). 0.89-0.84 (m. 21 H, -C(0)- 
CH(CHJ-. -SiC(CH,WCH,W, 0.09 (8, 3 H, -SiC(CH,WCH,)J, 0.05 (8. 3 H. - 
SiC(CHJ,(CH,W, 0.04 (8, 3 H, .SiC(CH,h(CHJ^. 0-03 (8. 3 H, .S1C(CHJ,(CH,W; C- 
NMR (600 MHZ, COW 6: 218.9, 175.4, 166.3, 152.8, 134.4. 125.7. 119.5. 115.9, 
74 4 74.3, 54,7, .45.5, 40.9, 40.0, 34.3, 31.9, 30.6. 28.9. 28.8, 27.0. 26.9, 24.4, 22.0, 
21.4, 20.0, 19.8, 19.3, 19.1, 17.9. 17.1. 15.5. 8.6, -2.9, -3.1, -3.3. -3.8; HRMS caicd for 
C,.H„NO.SSi, (M ♦ C8-); 856.3439, found; 856.3459. 

• 23- R, = 0.37 18ir«a gl. h«can. ; emer (2;1); laf „ = -22.9 (c • 0.3 in cMorofonn); IR 
(«„,; 2926. 2854. 1734. 1693. 1463. 1381, 1252, 1099, 829; 'H-NMR (500 M>^ 
COW. 5 . 6.99 (8. 1 H, -C.CH-S-). 6.58 (8, 1 H, -C=C! 1-C=). 5.53 (m, 1 H, -CH=C^ 



CHr). 5.43-5.34 (m. 1 H. .CH=CH.CH2-), 5.00 (d. 1 H.. 6.9 Hz, O-CH).4.03 (d. 1 H. 
J = 10.0 Hz. -CH(OH)-). 3.fl9 (d. 1 H. J = 9.0 Hz. -CH(OH)). 3.04-2.98 (m. 1 H. -C(0)- 
CH-). 2.85 (d, 1 H. J « 15.0 Hz. OOC-CHj-). 2.72 (8. 3 H. -S-C(CHj)=N-). 2.66 (dd. 1 H. 
J, = 15.0 Hz. Ji = 10.0 Hz. OOC-CHr). 2.42-2.31 (m. 2 H). 2.11 (s. 3 H. -C(CH3)=). 
1.92-1.83 (m, 1 H). 1.66-1.38 (m. 4 H). 1.20 (s. 3 H. -CiCHj)^), 1.16 (s. 3 H. -C(CH3)2. 
1 .09 (d. 3 H. J = 7.0 Hz. -C(0)-CH(CH3)-). 0.95 (d. 3 H. J = 7.0 Hz. -CH(CH3)-). 0.94 (s. 
9 H. -SiC(CH3)3{CH3)2). 0.85 (s. 9 H. -SiC(CH3)3(CH3)2). 0.12 (s. 3 H. -SiC(CH3)3(CH3)2). 
0.10 (s, 3 H. -SiC(CH3)3(CH3)2). 0.08 (s. 3 H. -SiC(CH3)3(CH3)2). -0.10 (s. 3 H. - 
SiC(CH3)3(CH3)2). ''C-NMR (600 MHz. CaDg): 5: 215.0. 171.3. 135.1. 122.7. 79.5. 76.4. 
53.3. 48.0; 38.8. 31.7. 29 J. 29.2. 28.4. 26.4. 26.2. 26.1. 25.0. 24.2. 19.1. 18.7. 18.6. 
17.7. 15.3. -3.1. -3.2. -3.7. -5.8; HRMS calcd for CseHerNOsSSiz (M + H*); 706.4357. 
found: 706.4382. 
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Sch m 1. Total synthesis of epothilone A (1): a. 1.1. equiv. of LDA. THF. 0 "»C. 8 h; 
then 1.5 equiv. of 4-iodo-1rb nzyloxybutan in THF. at -100 to 0 6 h. 92%: b. O3. 
CH2CI2. -78 "C. 77%; c. 3.0 equiv. of NaBH4, M OH. 0 'C. 15 min. 98 %; d. 1.5 
equiv. of TBSCI. 2.0 equiv. of EtaN. CH2CI2. 0 •€ to 25 'C. 12 h. 95%; e. H2. Pd(0H)2 
cat, THF. 3 h, 25 'C, 70%; f. 1.5 equiv. of I2. 3.0 equiv. of imidazole. 1.5 equiv. of 
PhaP. Et20/CH3CN (3 : 1], 0 'C. 0.5 h. 91%; g. PhaP. neat. 100 'C. 2 h. 86%; h. 1.5 
equiv. of TBSCI. 2.0 equiv. of imidazole. THF. 0 to 25 'C. 1 h. 99%; i. 2.4 g/mmol of AD- 
mix-p. f-BuOH/H20 (1:1]. 25 'C. 8 h. 79%; j. 1.1 equiv. of Pb(OAc)4. EtOAc. 0«»C. 10 
min. 99%; k. 1.2 equiv. of 9. 1. 2 equiv. of NaHMDS. THF. 0 "C. 0.25 h. then add 1.0 
equiv. of aldehyde 13. 0 'C. 15 min. 69% (Z ; E ca. 9 : 1); I. 1.0 equiv. of CSA 
portionwise over 1 h. CH2Cl2/MeOH (1 : 1], 0 'C. then 25 0.5 h. 86%; m. 2.0 equiv. 
of SOa.pyr. 10.0 equiv. of DMSO. 5.0 equiv. of EtaN. CH2CI2. 25 'C. 0.5 h. 82%; n. 
3.0 equiv. of LDA. THF. 0 "C. 0.25 h; then 1.2 equiv. of 18 in THF. -78 to -40 »C. 0.5 h. 
then 1 .0 equiv. of 17 in THF at -78 "C, high yield of 19 and its 6S.7R-diasteromer (ca. 1 
: 1 ratio): o. 3.0 equiv. of TBSOTf. 5.0 equiv. of 2.6-lutidlne. CH2CI2. 0 "C. 2 h; p. 2.0 
equiv. of K2CO3. MeOH. 25 •C. 15 min. 31% of 21 and 30% of its 6S.7/?-diasteromer 
from 17; q. 6.0 equiv. of TBAF. THF. 25 "C. 8 h. 78%; r. 5 equiv. of 2.4.6- 
trichlorobenzoylchloride. 6.0 equiv. of EtaN, THF, 25 'C, 15 min, then add to a solution 
of 10.0 equiv. of 4.DMAP in toluene (0.002 M based on 22), 25 »C, 0.5 h. 90%; s. 20% 
CFaCOOH (by volume] in CH2CI2. 0 »C. 1 h, 92%. LDA « lithium diisopropylamide; 4- 
DMAP = 4.dimethylaminopyridine: TBS « fe/f-butyldimethylsilyl; NaHMDS - sodium 
hexamethyldisilylamide; DMSO * dimethylsulfoxide; Tf » triflate. 
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Scheme 1. Total synthesis of epothilone A (1): a. 1.1 equiv. of LDA. THt-'. 0 »C, 8 h; 
then 1.5 equiv. of A-iodo-l^benzyloxybutane In THF. at -100 to 0 "C. 6 h. 92%; b. O3. 
CH2CI2. -78 "C. 77%: c. 3.0 equiv. of NaBH4, M OH. 0 «C. 15 min, 98 %; d. 1.5 
equiv. of TBSCI. 2.0 equiv. of EtaN. CH2CI2. 0 to 25 «C. 12 h. 95%: e. H2. Pd(0H)2 
cat.. THF, 3 h. 25 »C. 70%: f. 1-5 equiv. of I2. 3.0 equiv. of imidazole. 1.5 equiv. of 
Ph3P. Et20/CH3CN [3 : 1]. 0 'C. 0.5 h. 91%: g. PhaP. neat. 100 'C. 2 h. 86%; h. 1.5 
equiv. of TBSCI. 2.0 equiv. of imidazole. THF. 0 to 25 'C. 1 h. 99%; i. 2.4 g/mmol of AD- 
mix-p. f-BuOH/H20 [1 : 1], 25 »C. 8 h. 79%; j. 1.1 equiv. of Pb(0Ac)4. BOAc, 0»C. 10 
min. 99%; k. 1.2 equiv. of 9. 1. 2 equiv. of NaHMDS. THF. 0 "C. 0.25 h. then add 1.0 
equiv. of aldehyde 13.. 0 'C. 15 min. 69% (Z : E ca. 9 : 1): I. 1.0 equiv. of CSA 
portionwise over 1 h. CH2Cl2/MeOH [1 : 1]. 0 'C. then 25 »C. 0.5 h. 86%: m. 2.0 equiv. 
of SOs.pyr. 10.0 equiv. of DMSO. 5.0 equiv. of EtsN. CH2CI2. 25 »C. 0.5 h. 82%; n. 
3.0 equiv. of LDA. THF. 0 "C. 0.25 h; then 1.2 equiv. of 18 in THF. -78 to'-40 "C. 0.5 h. 
then 1 .0 equiv. of 17 in THF at -78 high yield of 19 and its 6S.7R-diasteromer (ca. 1 
: 1 ratio): 0. 3.0 equiv. of TBSOTf. 5.0 equiv. of 2.6-lutidine. CH2CI2. 0 *C. 2 h: p. 2.0 
equiv. of K2CO3. MeOH. 25 ^C. 15 min. 31% of 21 and 30% of its 6S.7R-diasteromer 
from 17; q. 6.0 equiv. of TBAF. THF. 25 »C. 8 h. 78%: r. 5 equiv. of 2.4.6- 
trichlorobenzoylchloride. 6.0 equiv. of Et3N. THF. 25 »C. 15 min. then add to a solution 
of 10.0 equiv. of 4-DMAP in toluene (0.002 M based on 22). 25 -C. 0.5 h. 90%; s. 20% 
CF3COOH [by volume] in CH2CI2. 0 'C. 1 h. 92%. LDA « lithium diisopropylamid ; 4- 
DMAP « 4-dimethylaminopyridine: TBS « fert^utyldimethylsilyl; NaHMDS « spdium 
hexamethyldisilylamide: DMSO - dimethylsutfoxide; Tf » triflate. 
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Figure 1. Structura and retrotynthatle analysis of epothllona A (1). 
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Ri=:Me, EtorH 
R2= Me, Et or H 
R3 = Me, Et, or MeOR 
R4 = OH, NH2 or H 
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X = O, NH 
Y = 0. CH2 
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Variation of tha sida chain 
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C. Synthesis of all possible stereoisomers at carbons 3, S, 7, 8 and 15. 
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D. Variations of the gem-dimethyl functionality 
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3. TP AP oxidation 
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F. Generation of epothllone^taxolds hybrids 
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